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RESULES OF PESTS O£G63 AND 1Acg ON AN 0.01 5-SCALE MOOK, 





OF THE SPACE SHUTTLE CONFIGURATION 140 A/B 
IN THE NASA/ARC 6- BY 6<-FOOT TRANSONIC WIND TUNNEL 


By R. H. Spangler* and D. E. Thornton* 
ABSTRACT 


Tests were conducted in the NASA/ARC 6- by 6-Foot Transonic Wind 
Tunnel from September 12 to September 28, 1973 on an 0.015-scale model of 
the Space Shuttle configuration 140 A/B. Surface pressure data were ob- 
tained for the orbiter for both launch and entry configuration at Mach 
numbers from 0.6 to 2.0 
Te surface pressures were obtained in the vicinity of the cargo bay 
door hinge anda parting lines, the side of the fuselage at the crew com- 
partment and below the OMS pods at the aft compartment. Data were obtained 
at angles of attack and sideslip consistent with the expected divergencies 
. along the nominal trajectory. These tests were the first in 4 series of 
tests supporting the orbiter venting analysis. The series will include 
tests in three facilities covering a total Mach number range from 0.6 to 
i 10.4. 
This report is published in three volumes. Volume I contains repre- 
sentative plotted data while the remaining volumes present the tabulated Aa 
source data. Integrated Vehicle tabulated data are to be found in Vol- > 


ume IT and Orbiter Alone data in Volume IIT. . ! 
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INTRODUCTION 


The 0.015-scale vent pressure model (36-OTS) was tested in the NASA 
AEC fe by 6=Foot Transonic Wind Tunnel over a Mach number range trom 0. 
to 2.0, Test IA29 of the launch configuration started September 17 and 
continued through September 25 and 0A63 of the entry configuration started 
September 25 and continued through September 28. 

Pressure data were obtained to enable the evaliation of orbiter vent- 
ing requirements during both launch ane entry. The investigation encom- 


passed angles of attack and side slip consistent with nominal trajectory 


requirements. 
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NOMENCLATURE 
General 
CADSAS 4 
OABOL, SYMBOL DEFINITION : 
| speed of sound; m/sec, t/sec 
Or CP ClSube coer e 
: 7 RESCUE POR EICIONUS ne Spyy 4 
M MACH Mich number; V/n 
| 9 pressure; N/m, psf 
4 «(NSM ) dynamic pressure; 1/2py— mn 
: ) & ao rs pv N m Ss 
a PSF) / » Nem , psf 
| RN/L RN/L unit Reynolds number; per m, per ft 
V velocity; m/sec, ft/sec 
a ALPHA angle of attnck, degrees 
B BETA angle of sideslip, degrees 
| wy ol angle of yaw, degrees 
¢ PHI angle of roll, degrees 
| p mass density: kg/m}, slugs/ft* 
Reterence & C.d. Definitions 
| bt BASE ores: om’ pte 
| b BR EF Wing spin or reference span; m, ft 
ope a center of gravity 
borg LR EF reference length or wing mean 
C wrodynumic chord; m, ft 
. SREF Wing ores or reference area; m, ito 
MRP moment reference point 
XMRP moment reference point on X axis 
YMRP moment reference point o: Y axis 
MRP moment reference point on Z axis 
oUBSCRIPTS 
b Dise 
E locn) 
3 stati: conditions 
: tots] conditions 


free stream 
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SYMBOL 
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SADSAC 
SYMBOL 
X/L 


ELEVON 


PHI 


NOMENCLATURE (Continued) 


ADDITIONAL NOMENCLATURE 


DEFINITION 


longitudinal location on orbiter fuselage, 
fraction of body length. 


eft elevon deflection ungle, positive trailing 
edge down, degrees. 


angular location on orbiter fuselage, desrees, 
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CONFIGURATIONS INVESTIGATED 


The O.,0L9-ccale model was a replica of the Space Shuttoe Cont coe - 
tien 140 A/L Orbiter and Vehicle 4 external tank (ET) and solid 


bousters (SRB). Though the attach points for the SRB and ET were i: 


figuration. Also, the external feed and vent lines on the ET were rot 
simulated. | 

The orbitcr was instrumented with 176 pressure taps on the lert side 
of che fuselage. The orifices were located at the cargo bay door hirete and 
parting lines, on the side of the fuselage by the crew compurtment and 
below the OMS pod at the aft compartment. The ET and SRB's were not 
instrumented. 

The pressures were measured by four 210 psid Stathan PM 131 TC dir- 
ferential pressure transducers housed in four type S scanivalve pressure 
multiplexors driven by a single solenoid type steprer. Reference cw: 
calibration pressures were measured by the facility Exactel mierc-manorm- 
eters. Reference pressures were generally set equal to free stream static 
pressure. 

Two configurations were tested. During launch vehicle testing the 
ORE's were attached to the tank and the ET to the orbiter. All control | 


Surfaces were s-t at 0° deflection. Fer entry configuration testing the : 


ee ene Sry 


ORB's and ET were replaced with appropriate off blocks. The left elevon 


was set at -15°. All other control surfaces remained at 0° deflection, 
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During the course of the test some pre sure orifices or associated tubing 


developed leaks or became plugged. The foliowing list presents these dis- 


crepancles and the eft'ected runs. 


Runs 1-24 leaks: PILL, 204, 232, 428, us 
pinched: 308, 312 


25-9 same leaks 
Pinched: P2ll, P226 


50-86 same leaks 
pinched: 211, 226, bok, 422 


87 reference pressure leak 
88 same leaks plus 426, 427, 429 


89-99 same leaks 
pinched: 130, ho2 


100-111 same leaks 
pinched: 130, 210, 211, 402 


OA63 
112-199 seme leaks 
The model was sting supported from the orbiter base in an inverted 
position. Sting adapters were used to provide necessary sideslip angles. 
Leak and continuity checks of the instrumentation were made. Due to an 
installation error, the dangleometer mounted in the medel could not be 
used. Installation photographs are shown as figure 3. 


Test IA29 was conducted as planned except for the omission of M= 1.0 


| 
x 
4 
L. 


testing due to difficulties in setting this tunnel condition and the 
questionable resulting data. Other data at Mach numbers close to M= 1 
were obtained but should be utilized only after qualitative evaluation of 


. the Schlieren photos (figures 4 ana 5). 
{ 9 
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TEST FACILITY DESCRIPTION Ge 


The 6- by 6-Foot Wind Tunnel of the NASA Ames Research Center -s & 
closed-circuit, variable pressure facility. The test section has a 
slotted floor and ceiling, allowing for continuous operation from Mach 
number 0.25 to 2.20 at stagnation pressures from 0.3 to 1.0 atmosphere 
for a stagnation temperature of S560°R. These conditions allow Reynolds 
number variation from ] to 5 million per foot and a dynamic pressure 


range from 200 to 1000 pounds per square foot. 
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TEST ¢ 1A29/0A63 
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TEST CONDITIONS 


. REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATUR 
i at oe 
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4. BS a ee 

a ae 

i ee 


0 

3.5 x 10°/i* 

4.3 x 10°/Ft 5.95 
i ® 





| 90 

° 90 

° 90 

‘ 90 

e 0 

: 90 
Pwo Ye x adyre | uo | 8 
[aes | ox roses | 5b | 
1. 


3 


ONE ON 


4 3 


ON 




















COMMENTS: Model was instrumented with pressure transducers 
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TABLE I. ~ Concluded. 
























TEST ¢ 1429/0863 DATE $ SEPT. ,1973 
I 
TEST CONDITIONS 
REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE 
MACH NUMBER (per unit length) (pounds/sq. inch)  ,} (degrees Fahrenheit) 
EAE TT TET A ET TEETER SR RAL ES i SCE. Ee SEE 
[09s | ox aoyre | 6s | 
7 
box lyre | 438 | 60 
boo xidyrt | kon | so | 
P0605 x 00 /Ft | 
112 rT 
.18 50 
None | 
BAWANGCE UTIIZEO See ne ee , 
COEFFICIENT 7 
CAPACITY: ACCURACY: Sate C RICE 
J || a ee een cece ee dictates ; 
oe COMMENTS: Model was instrumented with pressure transducers ; 
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a ES SSN Ne eee 


TABLE II. — Continued. 


: ae 


DATA SET/RUN NUMBER COLLATION SUMMARY 


PARAMETERS/VALUE 


wary 


CONFIGURATION 


a or £8 
SCHEDULES 


DATA SET 
IDENTIFIER 
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TASLE III. - MODEL DIMENSIONAL DATA 


MODEL COMPCHENT: BODY - 826 


GENERAL DESCRIPTION: Orbiter Fuselage Configuration i410 A/B 


SR a Re DT et ket ED: ES A EEL PPE ES CE OS 


MOTE: For identical to Boy excent underside of fuseliges refarred to 
accept Wiig: 





aS Se a i SS AT i 


Nc a 
VL70-000200 


DIMENSIONS : FULL-SCALE FODEL SCALE 


DF ee 


#Length (Kody pose Xp = 235) - in. a h293-3 | nah 3999 
Max. Width (ct X, = 1520) - in. _ 262.0 ___ 39000 | 
Max, Depth (at Xo s 1464) - in. 250.0 3.75000 


Fineness Ratio 4.92481 & 92681 


Arca - ft? 


en a Gewese Gera +e enw 


Hay. Cross-Seeticnal 340. 86.162 _. 007670 __ 


Planform 


Vetted RE She ee SS ee 
Base Cee ee sie oe ese a 

* NOTE: ## Theoretical body length used in 
data reduction - in. 1290.3 19. 35450 _ 





! 
i 





TABLE IIT. = Continued. 


MODEL COMPONENT: Sacucy - Co 





GENERAL DESCRIPTION: 


Sonficour-:tion 3. 























Model Sczle + O.Q15 





VL7O-O0201 464 


DRAWING NUMBER — _YETO-00014,2: 





DIMENSION: | FULL SCALE 
Length (%+/,34.643 to 670) CLE 
Mox Width ( ¥.523.127) nied Dalal. 
Mox Depth (7 X97485.0) 29. O00 


Finaness Retio | 





Arco 
Max Cross-Sectional 
Plonform 
Wetted 
Bose 
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MODEL SCALE 


3.53036 
2.28618 











TABLE III. - Continued. 


& 

TF *! 4 Gee 
sas as _¢ mee 
2 ER aT 


MODEL COMPONENT ; 


GERCPAL DCSCRIPTION: Sonfieurntion A 


A = EE o- CEE ps 


Data cor (1) of (2) sides. 
st i a ea ee: 





Pree eS 


airfoil thickness 











al 


Model Seale = 9-015 
ViTo-6o 
VLIO-CCOLKC A/B 


eee he ee + OE 





DRAWIS:S_KUMBER: 


ee aw ws eee Oe 


firea 223.5814 


Span (equivalent) 


Inb'd equivalent chord 


ina ~ we ww 


Nutb'd equivalent chere 551.022 


Ratio movable surface chord/ 
total surfece chord 
At Inb'é equiv. card 0. 2096 


O00; 


At Ouwtb'd equiv. chore eee os 
Sweep Back Angles, Gagrecs 


0,00 





. + Leading Edge == 





¢ bd - ; Aen 
_'t Tailing Ecge 10.090 


0. 


* awe 


651.1502 


Hinge line : 





Arca Moment (Kormal to hinge line) 


o 2] 


a 
a 
I: 


ae eel oe a Oe Ee 7 ens 


Tleonticea: 2 


* 
ie icin: aoe - ae EE i ae ee i ES 


re ars j 
»? : 





HODEL SCALE 


=_— 


9.05031 
_ 5252510 
1TH 
0.82788 __ 


@) s >) 6 


a 








0.40: 


ti 


+ 


Be a at a a a a aS ha eT tis aac aaa A ae el RRS NS in he Li a a in tg ce 


0.02 


S44 @ ) @eugpen ta - ot eq 


~JO056 
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TABLE III. = Continued. 


MODLIt. COMPONENT: Rody lap - Fe 7 


EE Dp Path. 6 re 00 Oe aie - ee 


GCONEPAL DISCEIPIION,  Confbcoretacn 2 


ee + et ee eee 


eens ee re eer eee eee ae ED ED eT a a TE Sa. SF ay «i aia Se LED: serena aati A i a 





De ree ere me IS ER. EF ol i. Sa EE SS 





ete te, at ee eee oe es 


Model Scale - 
DRAWING NU/AGER VL70-000140A/B, VL70-000200 


DIMENSION: | | FULL SCALE = MODEL SCALE 


Length — in. | 94.856 1.42284 
Mox Width in. 262, 308 3.943462 


Mex Depth in. 23.000 0.34500 








Fineness Ratio ° 
Areo - ft’ 
Mox Cross-Sectional 








Planform 158, 85350 9.03574 
Wetted | 


Bose 41.89642 ) 0.00943 
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TABLE III. - Continued. 


MODEL COMPONENT: OMS POD - M7 
GENERAL DESCRIPTION: Configuration 3A 








MODEL SCALE; 0.015 


VL70-000140A/B 
DRAWING NUMBER: VL70-000145 


EE ee A Ph atcha hE grea ere ORT 


DIMENSIONS; FULL- SCALE MODEL SCALE 


Length (OMS Fwd Sta. Xp = 1233.0) IN. 327 .000 4.9050 
Max. Width (@ X, = 1450.0) - IN. 94.5 1.41; 


Max. Depth (@ X, = 1493.0) - IN. 109.090 1.6350 
Fineness Ratio 
Area 

Max. Cross-Sectional 

Planform 


Wetted 


Base 















































TABLE [II]. - Continued. 
MODEL COMPONENT: PSHM NOZZLES - N25 
| 
GENERAL DESCRIPTION: Confiruration 3A BSRM Nozzles 
Model Scale = Q.015 
DRAWING NO. in 15000368 
DIMENS IONS | FULL-SCALE MODEL SCALE 
MACH NO. | 
DIAMETER DEX ~ IN (One Nozzle) 141.3 2.11950 
DIAMETER DT ~ IN 
DIAMETER DIN ~ IN “ 
ON ~ DEGREES 
AREA - FT (One Nozzle) 
MAX CROSS-SECTIONAL 108 .89595 0.02450 
GIMBAL ORIGIN Xo Yo Zo 
LEFT NOZZLE ~ IN. F.S. | 1825.3 ~24,3 1,00 
RIGHT NOZZLE ~ IN. FS 1825.3 +213 1,00 
NULL POSITION - DEG. PITCH YAW 
LEFT NOZZLE +8 +8 
RIGHT NOZZLE 48 +8 


ak 





— 
| 
i 


AP. 
a 
: ee nd ace y 
; i 
: rier aan Tee See Ol . # a 
Pat Lee eee Oe ee ee ee es Re 5 le os ey 


ee ae el ee ta Behe ae EE Le ata he eit Loe tetee etl, carey figte Bee FG oe ee cm ety ce Goce atte: oe eg ACs et hee ee ie ee eB ete en es eee ee Gt 








MODEL COMPONENT: RUDDER - Rd 


GENERAL DESCRIPTION: 


Cg i ee 





een 


TABLE ITI. - Continued. 


ee 


34 Configuration Rudder 
ieee See ee 


cw 
ea ne 


Model Scale = 0.015 a eee see 


“ 


DRAWING NUMBER: 


DIMENSIONS: 


Area - FT@ 

Span (equivalent) - IN. 
Inb'd equivalent chord 
Outb'd equivalent chord 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 
At Outb'd equiv. chord 
Sweep Back Angles, degrees 
Leading Edge 
Tailing Edge 
Hingeline 


Area Moment (Normal to hinge line) 
Product of Areca and Mean Chord 
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vg ee en irpbeaitiaer Gee acl as on : RP ee 
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VLTO-O001M6A 


FULI.-SCALE 


206.33 
201.0 


___9)..585 
50.833 


0.400 


0.400 


34.83 
26,25 
___ 3h. 63 


. FTF 526.13 


yaa ht oe yt eRe? rae ‘ Se i ahs tone we'd Bai ae : oe2iots wires oi 


MODEL_SCALE 


0.400 


0.,00 


ie ne a i ni a IN te ae 
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TABLE III. =~ Continued. 


MODEL COMPONENT: ___BCOSTFX SOLID ROCKET MOTOR - 512 


Ase ee See ee Seren aM Hagia de MP apt tenw SST Sia D on igen gn MENGE SES UN MnO mOna yat owotar Ran eee emp 
. é FF ee Pree ee os ae 


GENERAL DESCRIPTION: Configuretion 3A, Date for (1) of (2) siaes. 
ee 


gn gn TS 


rete rn A LL OE CT CC TO A 


cence nn re PO TSS SS aT I nn 


Model Scale = 0.015 























DRAWING NUMBER | v177-000036A 
DIMENSION: | . FULL SCALE 
“Length (Includes. Nozzle) - IN. 1741.0 
Mox Width (Tank Dia) - IN. 142.3 
Max Depth (Aft Shroud) - IN. | 192.0 
Fineness Ratio © 9.06771 
Area - FT2 
Mox Cross-Sectional 20106193 
Planform 
Wetted 
Base 
WP of BSRM Centerline (Z;) - IN. __ 400 
FS of BSRM Nose (Xp) - IN. 200 
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MODEI. SCALE 


26.115 
20195 


9.06771 
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TABLE III. = Continued. 


MODEL COMPONENT: FPXTERUAL Tank - 71? 





GENERAL DESCRIPTION: Paterna] Oxyzen Hydrogen Tank 


a i i cee a ie eS SS SD LD TD Ce SPR ea Ran SD <P Ayn 











POPs Seats eel a1) et ie eer) fee! aie es Ae ta 
VL72-000088A 
DRAWING IIUMBER VL78-0000/,). B semis: 


DIMENSION: _ | FULL SCALE = MODEL SCALE 


Length -- IN. (Nose @ Xp = 309) 1865 27.975 
Mox Width (pie) - IN, 324, _4. 86 | 
Mox Depth 





TOTS 
ad 


Fineness Ratio 5. 7560).7 5.75627 


Area - FTA 
Mox Cross-Sectional mere, __ 9.12882 





Planform 
Wetted 


Base 





1,00..0 6.000 


eee ee ee ere - id oi per Geng ee ee eee eee eee 


WP of Tank Centerline (Zp) - IN. 
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TABLE III. - Continued. ES 


MODEL COMPONENT: VEPTICA. = V = 








GENERAL DESCRIPTION: _Sonfitureticn 3. gc oem es 


Tae 


* 7 * . ? * = “I nt es. of, . ™ = #(™ 
yory: Simtler to WS with mdius on TE upper comer ire be oo 


f ‘ye uP rawt ine 1 are rats frre Lee, 
ate pace ee ee ee cree ne ET TCE AOL LE CL LA 


Ny Siac eae = 0,015 





Vw 5 eK: aoe sabe it [B 
DRAWING Wille ERS ‘ L70- roots eae 
DIMENS! ONS: FULIL-SCALE MODEL SCALE 


Area (Theo) FLe AZ. 293 0.09298 


_ Planform _ 
Span (Theo) In ANS 72) _k 
Aspect Ratio L670) eno 
Rate of Taper C.F ie ey eee 
Taper Ratio _ 9.49399 DOs 
Sweep Back Angles, degrees we 
Leeding Eace , 45.00 SO Vente 
Trailing Eou2 tee 25.587 
0.25 Element Line ee ee, bL130_. 
Chords: | 
Root (Theo) NP bE S00 bes 02TF50-... 
Tip (Theo) WP aie 1.62705 
MAC 169, SOTBE 2,9971) 
Fus. Sta. of .25 MAC VWs 8 2195250 
We. Pe Of 625 TAC ACA ThE 
B. Le of .25 MAC ne LV 0.09 
Airfoil Sectica ~ 
Leading Wecee Angle Deg 1500 10,60 


Trailing cdge fnale Deg ee een 
Leading Edge Radius (: in) - Int. 2 003 000300. 
Void Area jee ae ee 0.0296... 


Blankeced Area 0.00 O00 





Be ne Pe ep ig Pe EO ee RS ey Be PEST AEE Py | ee eS ee See ea me 
| ey eee 


ae a Ae, 


—se 











£ 
; 





Eile eat EOE SE at Ba aa as tee es all als oS aa ei eam ae Co area MCS Ce % _ Man ate 
Be Ta ase ae es Te eR ge a ee Ce Pop Seas ga ae 





TABLE III. - Concluded. 


MODEL CONPONENT:_WINGMyyg 
GENERAL DESCRIPTION; Configuration 4 | 


ep renege a SS 


‘ NOTE: Identical to W except airfoil thickness. Dihedral angle is along 


NOTE: Identical to W114 except 2) )'0. 


trailing edge of wing. 


Model Scale = 0.01 
; i VL70- Loa/ 
TEST NO. @ #e« | NG. NO. “vE70-000200 
DIMENSIONS: FULL-°°ALE MODEL SCALE 
TOTAL DATA 2 
rea (theo.) Ft 
Planform 2690.00 0.60525 
Span (Theo In. 936.6816 __4.05022 
Aspect Ratio 2,265 2.265 
Rate of Taper 1.177 1.177 
Taper Ratio 0 0.200 
Dihedral Angle, degrees(at X,#1506.625,Y5= all 3.500 
Incidence Angle, degrees 105, Zo= 282.75) 0.500 “9 500. 
Aerodynamic Twist, degrees . +3,000 43,000 
Sweep Back Angles, degrees | = 
Leading Edge 45.00 45.00 
Trailing Edge 10.056 -10.056 
0,25 Element Line 35.209. 35.209 -~ 
Chords: 
Root — B.P.0.0- 689.2429 
id Theo) B.P. . 848 
C 474.8117 Tel2218 
- fus. Sta, of .25 MAC 1126.72) 
W.eP. of .25 MAC 291.00 ane 
B.L. of .25 MAC 487.3349) £81002 
EXPOSED DATA 2. 
rea (Tneo Ft " 1812.2205 0.40775 
Span, (Theo) In. 8P108 736.6816 11.05022 
Aspect Ratio 2.058 2.058 
Taper Ratio 0.2451 0.2451 
Chords | 
Root 8P108 570.6230 8.55934 
Tip 1,00 3 - 137,8512 2.06777 
-MAC 354.2376 5 3356 
Fus. Sta. of .25 MAC 16d. 237 1746356 
oe a Pe tee 292,00 de 38000, 
ol. Of . C 239 67786 3.59517 
Airfoil Section (Rockwell Mod HASA) : 
XXXX~64 ; 
Root b = 0.425 0.113 0.113 
Meds 1.00 ‘0.12 0.12 
Data for (1) of (2) Sides - 
Leading Edge Cuff 2 7 
Planform Area Ft | 0.02662. 
Leading Edge Intersects Fus M. L. @ Sta | 1.5700. 
Leading Edge Intersects Wing @ Sta 1903.5 _15.05250. 
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(c) One-quarter view model 36-OCTS installed 
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&. Mach = 0.0, a = 0°, BR = -h° 
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Figure 4, - Schlieren Photographs - Test TAQ 
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Figure 1. 
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e. Mach = 1.295, © = O°, B= =h° 


Figure 4. - Continued. 
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@. Mach = 0.95,a = 0°, 8 = -h°® 
Figure 4. - Continued. 


), t, 








ee ee 


166-630-011 


= 
cy 


Wy 








h. Mach = 0.85, a = 0°, g = 
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a. Mach = 2.0, a= 6°, B= 0° 
Figure 5. - Schlieren Photographs - Test 0A63 
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b. Mach = 1.5, a = 6°, g = 9° 


Figure 5. ~ Continued. 
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Figure 5. - Continued. 
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@. Mach = 1.05, a= 6°, B= 0° 


Figure 5. - Continued. 
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h. Mach = 0.95, a = 6°, g = 09 
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INTEGRATED VEHICLE DATA ONLY 
(SEE VOLUME III FOR ORBITER ALONE DATA) 
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